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Abstract 
In this paper we present the benefits of combining microinjection moulding technology with flexible elements for 
the realization of 3D microdevices with added functionality. Microinjection moulding technology enables the 
fabrication of low-weight micro-parts with great design flexibility. Polyimide is a known flexible material for its 
electrical and thermal insulation and mechanical strength that can easily be processed for microelectronic 
applications. Although widely used, silicon microdevices have limitations on their configuration (typical silicon 
devices have a planar geometry) and therefore, are not suitable for some applications requiring complex and small 
tridimensional geometries. Placement of smart elements within polymeric micro-parts adds functionality and enables 
an increased integration and 3D configurations. 
In this work, integrated 3DOF (degrees-of-freedom) and 1DOF thermal accelerometers are fabricated using the 
proposed fabrication technology demonstrating the viability of the concept. Experimental measurements using the 
1DOF devices show a sensitivity of 15mV/g (at 10Hz), a bandwidth of 14Hz and a power consumption of 28.7mW.  
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1. Introduction 
The systemic miniaturisation and integration, of heterogeneous technologies and materials, is paving 
the road for novel and improved devices not possible using single technologies. The combination of 
technologies enables merging the benefits of each technology improving either a process or a part or even 
both. Flexible substrates are tough, low-weight and can easily sustain stress being foldable and twistable. 
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Polyimide is a flexible polymeric material whose aromatic rings structure with imide groups enhances 
thermal, mechanical, chemical and electrical properties. These properties ensure the viability of polyimide 
for microelectronic applications [1, 2]. 
Microinjection moulding is one of the most promising fabrication techniques to pattern polymers. 
This technology allows the fabrication of reduced size and weight parts with dimensional accuracy even 
for complex shapes and with increasing functionalities at low-cost [3-7]. Polymers present a wide range 
of properties and are easily and economically processed on industrial scale [4].  
Microinjected parts and flexible structures are explored in this work for the fabrication of 
tridimensional devices with extended functionality. Mechanical polymer micro-parts can provide 
mechanical support for flexible structures with smart elements enabling the production of  
3D microdevices. Integrated 3DOF and 1DOF thermal accelerometers are used here as demonstrators of 
the proposed technology. 
2. Fabrication process 
A new technological approach based on microinjection moulding technology with flexible elements is 
presented here that enables the realization of complex 3D microdevices. For the case of the thermal 
accelerometer, used here as a demonstrator, four external microinjected supportive structures of 
polystyrene and polyimide flexible membranes, with smart elements responsible for the heating and 
sensing system, are used (details on the thermal accelerometer operation can be found in [2, 7]).  
The polystyrene micro-parts are fabricated by means of microinjection moulding technology. The 
mould is used to define the polymer patterns. Microcavities were micromilled over inserts made of steel 
1.2311 due to its usage resistance to constant shock and compression and non-alloyed tool steel 1.173 for 
the main mould structure due to its machinability and resistance. 
Process parameters for the fabrication of the micro-parts were optimized to: polymer melt temperature 
between 190ºC-260ºC, mould temperature of 60ºC, injection pressure of 110bar and an injection time of 
2s. The total cycle time is 42s. Fabricated polystyrene micro-parts are shown in Fig.1. 
  
(a) (b) 
Fig. 1. Polystyrene microinjected parts of the thermal accelerometer (scale: 500μm): (a) Top micro-parts and (b) Central  
micro-parts. 
 
The process flow for the fabrication of the flexible polyimide membranes is depicted in Fig. 2a. A 
10μm thick structural film of polyimide (PI-2611) to be used as structural layer for the temperature 
sensors and heater is spin-coated and cured over a 1μm thick sacrificial layer of Silicon Dioxide (SiO2). A 
composite of Aluminum, Silicon and Copper (90%-5%-5%) is then deposited and patterned forming the 
temperature sensors and heater. Next, a second layer of polyimide (10μm) is spin-coated and cured to 
protect the entire device. The connector pad areas (for external access) and defined regions of the 
polyimide are etched by Reactive Ion Etching (RIE) using an aluminum hard mask. Once the polyimide is 
fully etched, the metal hard mask is removed by wet etching and finally the polyimide is released from 
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the substrate. Polyimide membranes were fabricated for both 3DOF (Fig. 2a) and 1DOF (Fig. 2b) thermal 
accelerometers.  
 
 
 
(a) (b) (c) 
Fig. 2. (a) Fabrication process for the polyimide membranes and smart elements; (b) Fabricated polyimide membranes and smart 
elements for the 3DOF thermal accelerometer and detail and (c) Fabricated polyimide membranes and smart elements for the 
1DOF thermal accelerometer and detail. 
The assembly of the polystyrene micro-parts with the membranes is the final processing step. This step 
is performed by combining fast-coupling with an adhesive (cyanoacrylate) assuring this way the assembly 
of the polystyrene micro-parts while creating and sealing an air bubble for device operation (Fig. 3a). 
Here, the assembly was performed manually, but it can be automatically implemented during injection. 
 
 
a) b) 
Fig. 3. a) Experimental setup with assembled 3DOF thermal accelerometer mounted in a printed circuit board (PCB);  
b) Accelerometers sensitivity response at 10Hz and 60Hz 
3. Microdevices characterization 
Several thermal accelerometers with 1DOF were assembled and placed on a PCB in a half-active 
Wheatstone configuration as shown in Fig. 3a. The PCB was placed in a shaker and the devices were 
fully characterized.  Figure 3b presents the accelerometers sensitivity for input accelerations at 10Hz and 
60Hz (heater current of 32mA) and Figure 4 presents the frequency response of the accelerometers. The 
accelerometers present a low bandwidth (typical for thermal accelerometers) and limited dynamic range. 
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4. Conclusions and Future Work 
Polymeric technologies appear as a suitable option for fabrication of complex three-dimensional 
structures with added functionality. Advantages of combining microinjection moulding with 
microtechnologies by using flexible materials include the simplicity and low-cost of the entire process as 
well as great design flexibility and geometric freedom with tight tolerances. 1DOF thermal 
accelerometers were characterized in terms of sensitivity, bandwidth and power consumption validating 
the proposed technology. The results show that the proposed fabrication process can be used to integrated 
functionalities in complex 3D geometries at very small scale (size of the thermal accelerometer is around 
3x3x4 mm3). 
 
Fig. 4. Accelerometer frequency response. 
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